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TECHNICAL MEMORANDUM (Revised) 
 
 
TO: Dr. Richard S. Williams, Solutia Inc. 
 
FROM: James A. Kearley, Groundwater Services, Inc. 
 
RE: Evaluation of Bedrock Transport Characteristics 
 Sauget Area 1, Sauget, Illinois 
 
 
Introduction 
 
This memorandum provides an evaluation of bedrock transport characteristics at Sauget 
Area 1 based on findings from the following sources:  i) published studies of geology and 
groundwater occurrence in the American Bottoms region; ii) results of detailed field 
examination of rock cores collected during drilling of bedrock wells BR-G, BR-H, and 
BR-I; iii) results of thin section analysis of selected rock core samples from BR–G, BR-H, 
and BR–I; iv) results of a downhole survey at BR-I using several geophysical logging 
tools; and v) other observations at BR-I and a nearby piezometer, A1-19. 
 
An earlier version of this memorandum was submitted to USEPA as part of Response to 
March 2005 USEPA Comments on the DNAPL Characterization and Remediation Study, 
Sauget Area 1 Sites Groundwater Services, Inc., (GSI), May 27, 2005.  The 
memorandum has been revised to include additional data from BR-I and A1-19.   
 
Background Information 
 
The alluvial aquifer underlying the Sauget Area 1 sites consists primarily of silt, sand, 
and gravel and has a variable thickness ranging from approximately 105 to 116 feet, 
based on boring logs from piezometers installed in 2004 and 2005 during the DNAPL 
characterization and remediation study.  Groundwater is present within the alluvial 
aquifer starting at a depth of approximately 15 to 20 ft below ground surface (bgs).  The 
alluvial aquifer is underlain by limestone and dolomite bedrock.   
 
Information from Published Studies Regarding Bedrock 
 
Bedrock data from oil wells and oil test holes in the region indicate that the alluvial 
deposits in the American Bottoms are underlain by consolidated sedimentary rocks over 
3800 feet thick, predominantly limestone and dolomite, with some sandstone and shale 
(Bergstrom and Walker, 1956).  The bedrock immediately underlying the alluvial 
deposits in the American Bottoms is reported to be of Mississippian or Pennsylvanian 
age.   
 
Bedrock has apparently never been an important source of water in the American 
Bottoms.  Bergstrom and Walker, 1956 state that “no groundwater supplies are being 
withdrawn from bedrock formations in the American Bottoms…” and that water in the 
deeper bedrock is commonly too highly mineralized for use, “particularly at depths 
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greater than 370 to 420 feet below ground level on the flood plain…”  A groundwater 
development report for the East St. Louis area prepared by the Illinois State Water 
Survey (Schicht, 1965) states that “because of the low permeability of the bedrock 
formations and poor water quality with depth, the rocks do not constitute an important 
aquifer in the area.”   
 
The Illinois Department of Natural Resources developed an American Bottoms regional 
model for groundwater flow in the alluvial aquifer (Clark, 1997), and one of the 
assumptions used in this model is that leakage from the underlying bedrock is negligible.  
“There is an insufficient pressure head difference to cause significant flow between the 
valley fill and the indurated carbonate rocks.  This assumption allows treating the bottom 
of the valley fill as a zero flow boundary.” (Clark, 1997) 
 
Results of Field Examination of Rock Cores from BR-G, BR-H, and BR-I 
 
Three bedrock wells (BR-G, BR-H, and BR-I) were drilled and installed at Sauget Area 1 
in the spring of 2000 to obtain data regarding bedrock properties and to collect 
groundwater samples from the bedrock.  Attachment A-1 contains the pages from the 
Field Sampling Report that provide detailed description of field procedures, including 
core examination procedures (O’Brien & Gere, 2000, Volume 2 of 9, pp. 125 to 138). 
 
Mud rotary drilling methods were used to drill the boreholes for BR-G, BR-H, and BR-I.  
At each boring, a series of telescoping PVC casings was installed, with the innermost 4-
inch diameter PVC casing extending from the ground surface to a depth of 
approximately five feet into the top of bedrock.  Bedrock coring was then conducted 
beneath the 4-inch diameter casing to a depth of approximately 20 feet into competent 
bedrock using wireline coring barrels to generate a minimum 2-inch diameter core.  The 
rock borehole below the 4-inch diameter PVC casing was left uncased.  Groundwater 
samples were collected from the three bedrock wells using a Grundfos RediFlow pump.   
 
Bedrock core samples were described by the field engineer on rock classification 
worksheets. Descriptions included the following properties:  color, rock quality, porosity, 
beds, thickness, contact, foliation, joints, weathering, surface, hardness, texture, grain 
shape, sorting, mineral components, and rock classification.  Tables A-1, A-2, and A-3 
present a compilation of rock classification data for cores from borings BR-G, BR-H, and 
BR-I, respectively.  Attachment A-2 includes the handwritten rock classification 
worksheets prepared by the field engineer during drilling (O’Brien & Gere, 2000, Volume 
2 of 9, pp. 145A-1 to 145A-75).  For evaluating transport characteristics of the bedrock, 
the most significant of the descriptive properties are rock quality designation, porosity, 
joints, and weathering.   
 
Rock Quality Designation:  At BR-G, rock quality was described as excellent and/or 
massive from 112 to 122 ft bgs, and fair (i.e., moderately fractured) from 122 to 131.5 ft 
bgs.  At BR-H, rock quality was described as poor (i.e., highly fractured) from 111 to 
112.5 ft bgs, and excellent and/or massive from 112.5 to 132 ft bgs.  At BR-I, rock quality 
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was described as poor from 116 to 118 ft bgs, and sand was encountered from 118 to 
120.5 ft bgs.  Rotary drilling was resumed to reset the 4-inch diameter PVC well casing 
to a depth of approximately 124.75 ft bgs.  Rock coring was then resumed, and rock 
quality was described as excellent and/or massive from 126.5 to 146.9 ft bgs.   
 
The only locations with poor (i.e., highly fractured) rock were in the uppermost portions 
of the boreholes at BR-H and BR-I.  This suggests that fluid transport in the bedrock may 
occur primarily in the weathered and fractured portion of the bedrock, immediately below 
the base of the alluvial aquifer.   
 
Porosity:  Rock porosity was generally described as “none” based on visual examination 
of the cores in the field.  The rock classification worksheets do not indicate the presence 
of large pores, vugs, or solution cavities in the cores.  
 
Joints and Weathering:  Joints observed in individual core pieces were typically 
described as fine to very fine lines, sutures, or fractures, and were frequently observed 
to be clay-filled.  Most were horizontal or sub-horizontal, but vertical or near-vertical 
joints were observed in some cores.  Weathering or slight weathering was commonly 
noted on the surfaces at the top and/or bottom of the individual core pieces. A single 
core from BR-G, collected from 116.5 to 117 ft bgs, exhibited possible evidence of 
DNAPL.  This core was reported to have a vertical fracture that was “slightly stained” 
with a “sweet odor.”  No evidence of DNAPL was noted in any other rock cores from 
BR–G, BR-H or BR-I. 
 
Results of Thin Section Analysis of Samples from BR-G, BR-H, and BR-I 
 
A total of thirty rock samples, ten from each borehole, were submitted to American 
Petrographic Services, Inc. (APS) of St. Paul, Minnesota, for thin section evaluation 
under a petrographic microscope.  Attachment A-3 contains copies of the APS reports, 
which include thin section photographs (O’Brien & Gere, 2000, Volume 2 of 9, pp. 147A-
1 to 147A-21).  As summarized on Table A-4, all the rock samples examined by APS 
were determined to be limestone, dolomitic limestone, or dolomite.  The thin sections 
were evaluated by APS for relative porosity, and, as described below, most samples 
were described as having low or moderate-low porosity, which is generally consistent 
with the visual observations made by the field engineer during rock classification.   
 
Eighteen of the thirty rock samples evaluated were described as having low or 
moderate-low porosity (see Table A-4), and these samples were generally characterized 
as “dense” or “well cemented.”  Six rock samples had moderate porosity, with stylolites 
or dolomitized zones observed to be present.  The six samples that were described as 
having high porosity were observed to have stylolites (two samples from BR-G), to be 
“dolomitized throughout” (two samples from BR-H), or to have “large cavities throughout” 
or “many lg. pores in dolomitized areas” (two samples from BR-I). 
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Although thin section analysis did indicate several samples with high relative porosity, 
these samples do not appear to be representative of the rock mass as a whole.  As 
discussed above, the rock classification worksheets prepared by the field engineer give 
no indication of the presence of large pores, vugs, and/or solution cavities in any of the 
bedrock cores. 
 
Results of Downhole Geophysical Surveys at BR-I 
 
On October 5, 2005, Colog conducted the following downhole surveys in BR-I:  optical 
televiewer, acoustic televiewer, three-arm caliper, fluid temperature/conductivity, and 
video.  Key findings of the Colog survey were as follows: 
 
• Well Construction:  BR-I has a 4-inch diameter PVC casing to 124.75 ft bgs and an 

open borehole from 124.75 ft bgs to total depth of 146.9 ft bgs (see Figure 5).  The 
interior diameter of the PVC casing is approximately 3.5 inches, and the diameter of 
the open borehole in the bedrock is approximately 2.5 inches.  

 
• Well Integrity: Due to the presence of an oil substance starting at approximately 

114.5 ft bgs, the bottom of the PVC casing could not be observed directly using the 
optical televiewer or video camera.  However, the integrity of the inside of the PVC 
casing below 114.5 ft bgs appeared to be sound based on the acoustic televiewer 
and caliper logs.  Variations in borehole diameter observed below the casing 
between 124.75 ft and 126.6 ft bgs could be due to changes in lithology (i.e., harder 
or softer layers of rock), the presence of closely spaced fractures in this interval, 
and/or some degree of drilling washout immediately below the casing.   

 
• Fractures:  Within the open-hole portion of the well, a total of 42 acoustic features 

were observed at depths between 125.2 ft bgs and 144.4 ft bgs.  These acoustic 
features were ranked from 1 to 5 based on a ranking system developed by USGS.  
Of the 42 acoustic features observed in BR-I, there were 13 features with a rank of 
3 (i.e., distinct feature with open aperture).  There was one feature, at a depth of 
approximately 137.1 ft bgs, with a rank of 4 (i.e., very distinct, wide possible 
interconnected fracture), and this feature was also observed on the caliper log.   

 
• DNAPL in BR-I:  At the time of the Colog survey, the top of DNAPL appeared to be 

present at a depth of approximately 114.5 ft bgs, based on optical televiewer data 
and an observed change in fluid conductivity.  

 
• Flow in Open-Hole Section of BR-I:  There was minimal variation in fluid 

temperature in the open-hole section of BR-I, which suggests that flow is unlikely in 
the open-hole section under static conditions.   
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Origin of DNAPL in BR-I 
 
The upper few feet of the bedrock is weathered.  Pooled DNAPL is present in A1-19, 
which is located 15 feet from BR-I and is screened across the interface between the 
alluvial aquifer and the weathered bedrock (see Figure 5).  The upper end of the open 
borehole at BR-I begins only a few feet below the apparent base of weathered bedrock.  
Although some acoustic features (i.e., fractures) were observed in the open borehole of 
BR-I, recovery tests indicate that the well yield of BR-I is low, at approximately 0.05 gpm.  
Based on these findings, the most likely explanation for the presence of DNAPL in BR-I 
is that the open borehole at BR-I is acting as a sump for accumulation of DNAPL that 
enters from the overlying alluvial aquifer and/or the upper few feet of weathered bedrock.  
Although the acoustic televiewer and caliper logs for BR-I did not show evidence of 
damage to the interior of the PVC casing, it is possible that some DNAPL could be 
entering the open borehole by leakage through the seal between the PVC well casing 
and the bedrock that the casing is seated in. 
 
Evaluation of Transport Characteristics of the Bedrock 
 
Published reports indicate that bedrock underlying the American Bottoms is not 
considered an important aquifer because of low permeability and poor water quality with 
depth (Schicht, 1965), and that there is an insufficient pressure head difference to cause 
significant flow between the alluvial aquifer and the underlying bedrock (Clark, 1997). 
 
Results of rock core examination suggest that the upper few feet of bedrock underlying 
the alluvial aquifer are highly fractured.  Below the weathered zone, bedrock at BR-H 
and BR-I is typically massive with few fractures.  Bedrock at BR-G is massive in the 
upper ten feet (112-122 ft bgs) but was described as fair (moderately fractured) in the 
lower ten feet (122-131.5 ft bgs).  Large pores, vugs, and/or solution cavities are not 
prevalent in the bedrock.  There is some evidence of joints and weathering surfaces, 
although the joints were typically described as fine to very fine lines or sutures, and were 
often noted to be clay-filled.   
 
Some acoustic features (i.e., fractures) were observed in the open borehole of BR-I, but 
recovery tests indicate that the well yield of BR-I is low (0.05 gpm).  The most likely 
explanation for the presence of DNAPL in BR-I is that the open borehole is acting as a 
sump for accumulation of DNAPL that enters from the alluvial aquifer and/or the upper 
few feet of weathered bedrock. 
 
These findings suggest that the upper few feet of the bedrock, which is weathered and 
fractured, is more likely to be a pathway for groundwater flow than the underlying 
competent bedrock.   
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Table J-1 - Rock Classification Data for Boring BR-G 

Sauget Area 1 Sites 
Sauget and Cahokia, Illinois 

 
Sample Depth 

(ft/bgs) 
Color Rock Quality Porosity Beds Thickness Contact Foliation Joints Weathering Surface Hardness Texture Grain Shape Sorting Mineral 

Components 
Rock 

Classification 
112 - 113.67 

** 
Light gray Excellent, 

massive 
None Planar, thick 20 in. Distinct Planar Faint filled fracture lines, a 

suture line at bottom 
Exhibited at bottom, black, 

hard pitted 
Solid Moderate 

to hard 
Micro-granular Rounded Well 

sorted 
Trace to some 
white calcite? 

Limestone 

113.67 - 114.36 Light gray, 
NT 

Excellent, 
massive 

None Planar, 
medium 

8.25 in. Distinct Planar Suture lines at top, clay filled 
fine fractures at bottom 

Along joints Solid Moderate 
to hard 

Granular, very fine to 
micro-granular 

Rounded Well 
sorted 

Disseminated 
white specks 

(calcite) 

Limestone 

114.36 - 115.82 
** 

Light gray Excellent None Planar, thick 17.5 in. Distinct Planar Fine filled fractures at top and 
for ~1/2 inch thick at bottom, 

clay-filled; fracture at 14 inches 
has a rough and pitted surface 

Exhibited at top and bottom Solid Moderate 
to hard 

Granular to 
crystalline, very fine 

to micro 

Rounded to 
sub-rounded 

Well 
sorted 

Disseminated 
white calcite? 

Limestone 

115.82 - 116.53 
** 

Light gray Excellent, 
massive 

None Planar, 
medium 

8.5 in. Distinct Planar Fine filled fractures at top and 
bottom, clay filled; near-vertical 

fracture in middle 

Exhibited in fractures Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded to 
sub-rounded 

Well 
sorted 

None observed Limestone 

116.53 - 117.03 Light gray Excellent, 
massive 

None Planar, 
medium 

5.75 in. Distinct Planar One nearly vertical from top to 
bottom 

Pitted dark gray surfaces at 
top and bottom, vertical 
fracture, slightly stained, 

sweet odor 

Solid Moderate 
to hard 

Very fine to micro- 
granular/crystalline 

Rounded to 
sub-rounded 

Well 
sorted 

Calcite Limestone 

117.03 - 118.36 Light gray Excellent, 
massive 

None Planar, thick 16 inches Distinct Planar Horizontal fine lines; 2.5 
inches from top and at bottom 

Slight, exhibited at top and 
bottom, dark gray and pitted 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded, 
angular 
crystals 

Well 
sorted 

Calcite? Limestone 

118.36 - 118.51 
** 

Light gray Excellent, 
massive 

None Planar, thin 3 in. Distinct Planar Horizontal to nearly horizontal 
filled fractures 

Exhibited at top and bottom 
as pitted, rough surfaces 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded Well 
sorted 

Some calcite Limestone 

118.51 - 119.43 Light gray Excellent, 
massive 

None Planar, 
medium 

11 in. Distinct Planar Horizontal wavy filled fracture 
line, 45° angle fracture at 

bottom, dark gray rough pitted 
surface 

Slight to moderate along 
fracture 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded, 
angular 
crystals 

Well 
sorted 

Calcite present 
as small 
crystals 

Limestone 

119.43 - 120.56 Light gray Excellent None Planar, thick 13.5 in. Distinct Planar Generally horizontal clay-filled 
fractures, one near-vertical 

healed fracture near top 

Exhibited in fractures, and at 
top and bottom 

Solid Moderate 
to hard 

Very fine to micro-
granular, some 

crystallization at top 

Sub-rounded, 
angular 
crystals 

Well 
sorted 

Calcite crystals Limestone 

120.56 - 121.12 
** 

Light gray Excellent, 
massive 

None Planar, 
medium 

6.75 in. Distinct Planar Wavy, horizontal clay-filled 
lines of fracturing near bottom 

Exhibited at top and bottom in 
clay filled fractures 

Solid Moderate 
to hard 

Very fine to micro-
granular, some 
crystallization 

Sub-rounded 
to sub-angular 

Well 
sorted 

Disseminated 
white specks 

(calcite) 

Limestone 

121.12 - 121.76 Light gray Excellent, 
massive 

None Planar, 
medium 

6.5 in. Distinct Planar Nearly horizontal wavy fracture 
lines at top 

Exhibited as clay seams at 
top and bottom, pitted at 

bottom 

Solid Moderate 
to hard 

Very fine to micro-
granular, some 
crystallization 

Rounded to 
sub-rounded 

Well 
sorted 

With calcite Limestone 

122 - 122.71 
** 

Light gray Fair None Planar, 
medium 

8.5 in. Distinct Planar Horizontal and vertical fracture 
lines 

Slight at top and bottom Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded Well 
sorted 

Some calcite Limestone 

122.71 - 123.31 Light gray Fair None Planar, 
medium 

7.25 in. Distinct Planar Horizontal wavy fracture Slight at top and bottom - Moderate 
to hard 

Very fine to micro-
granular 

Rounded to 
sub-rounded 

Well 
sorted 

A few white 
specks 

Limestone 

123.31 - 123.56 Light gray Fair None Planar, thin 3 in. Distinct Planar Wavy fine lines at bottom Slight at top and bottom Solid Hard Very fine to micro-
granular, flaky break 

planes 

Sub-rounded Well 
sorted 

Calcite Limestone 

123.56 - 123.83 Light gray Fair None Planar, thin 3.25 in. Distinct Planar None Slight at top Solid Hard Micro-granular Rounded Well 
sorted 

- Limestone 

123.83 - 124.46 
** 

Light gray Fair None Planar, 
medium 

7.5 in. Distinct Planar None present within; clay filled 
at bottom 

At bottom Solid Hard Micro-granular Rounded to 
sub-rounded, 
some darker 
gray specks 
and spots 

Well 
sorted 

Calcite present Limestone 

124.46 - 124.63 Light gray Fair None Planar, thin 2 in. - Planar Wavy, horizontal; one clay 
filled vertical fracture 

Along clay filled fracture at top Solid Moderate 
to hard 

Micro-granular Rounded to 
sub-rounded 

Well 
sorted 

Some calcite Limestone 

124.63 - 125.30 
(11+ pieces) 

Light gray Fair None Planar, thin ~8 in. total, 
11 + 

pieces 

Distinct Planar Wavy fractures None Solid Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

- Limestone 
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Table J-1 - Rock Classification Data for Boring BR-G 

Sauget Area 1 Sites 
Sauget and Cahokia, Illinois 

 
Sample Depth 

(ft/bgs) 
Color Rock Quality Porosity Beds Thickness Contact Foliation Joints Weathering Surface Hardness Texture Grain Shape Sorting Mineral 

Components 
Rock 

Classification 
125.30 - 125.45 Light gray Fair None Planar, thin 1.75 in. Distinct Planar Healed vertical fracture None observed Solid Moderate 

to hard 
Micro-granular Rounded Well 

sorted 
- Limestone 

125.45 - 125.76 Light gray Fair None Planar, thin 3.75 in. Distinct Planar Generally horizontal wavy filled 
fractures, one healed fracture 

at 45° angle 

At top, clayey Solid Moderate 
to hard 

Micro-granular - - - Limestone 

125.76 - 125.91 Light gray Fair None Planar, thin 1.75 in. Distinct Planar None observed Top and bottom, slight Solid Moderate 
to hard 

Micro-granular - - - Limestone 

125.91 - 126.32 
(four pieces) 

Light gray Fair None Planar, medium 4.9 in. Distinct Planar Wavy, fine lines, clay filled Exhibited along fractures Solid Moderate 
to hard 

Micro-granular - - - Limestone 

126.32 - 126.62 Light gray Fair None Planar, thin 3.625 in. Distinct Planar Horizontal filled fine fractures, 
two healed vertical fractures 

Slight at top and bottom Solid Moderate 
to hard 

Micro-granular - - Clay in 
fractures 

Limestone 

126.62 - 126.79 Light gray Fair None Planar, thin 2 in. Distinct Planar Clay-filled fractures at top and 
bottom 

Top and bottom Solid Moderate 
to hard 

Micro-granular - - - Limestone 

126.79 - 128.17 
** 

Light gray Fair None Planar, thick 16.5 in. Distinct Planar Horizontal, clayey Slight exhibited at top and 
bottom 

Solid Moderate 
to hard 

Micro-granular - - - Limestone 

128.17 - 129.09 
** 

Light gray Fair None Planar, medium 11 in. Distinct Planar Horizontal, wavy fine fractures, 
clay filled 

Slight at top and bottom Solid - Micro-granular - - Some white 
specks 

Limestone 

129.09 - 130.46 Light gray Fair None Planar, thick 16.5 in. Distinct Planar Many fine wavy essentially 
horizontal lines at top half, 

fewer in bottom 

Slight at top and bottom, 
bottom dark gray and pitted 

Solid Moderate 
to hard 

Micro-granular - - - Limestone 

130.46 - 130.80 Light gray Fair None Planar, medium 4.125 in. Distinct Planar Fine horizontal lines Dark gray pitted clay at top Solid Moderate 
to hard 

Micro-granular - - Pyrite infilling 
one ____ 

fraction and as 
a ¾ in. long X 
¼ in wide 

Limestone 

130.80 - 131.34 
** 

Light gray, 
some 
darker 
gray 

specks 
and 

splotches 

Fair None Planar, medium 6.5 in. Distinct Planar Horizontal fine lines Slight at bottom Solid Moderate 
to hard 

Micro-granular - - - Limestone 

131.34 - 131.51 Light gray Fair None Planar, thin 2.0 in. Distinct Planar Horizontal fine fracture Slight at top and bottom Solid Moderate 
to hard 

Micro-granular - - Some white 
outlines, fossils 

(?) 

Limestone 

 
 
 
 
Notes:   

1) Rock classification worksheets for BR-G are in pp. 145A-1 to 145A-30 in Soil, Ground Water, Surface Water, Sediment, and Air Sampling Field Sampling Report, Sauget Area 1 – Volume 2 of 9, O’Brien & Gere Engineers, September 
2000. 

2) ** = A portion of this core was submitted to American Petrographic Services, Inc. for visual documentation of relative porosity and for thin section evaluation under a petrographic microscope. 
3) A rock classification worksheet was not found for the following interval:  121.76-122 ft bgs. 
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Table J-2 - Rock Classification Data for Boring BR-H 

Sauget Area 1 Sites 
Sauget and Cahokia, Illinois 

 
Sample Depth 

(ft/bgs) 
Color Rock Quality Porosity Beds Thickness Contact Foliation Joints Weathering Surface Hardness Texture Grain Shape Sorting Mineral 

Components 
Rock 

Classification 
111 - 112.5 

(eight pieces) 
** 

Fresh 
surface is 
med. gray 

to med. 
light gray 

37%, Poor, 
___ 

None Horizontal, 
breaks along 
clay seams 

range from 2-7 
cm thick (very 

thin to thin) 

Smooth Distinct 
between 
sections 

Fissile 
(see  

Note 4) 

Planar, usually along horizontal 
lines clay _____ within section 
is stylolite (wavy & ______), 

very thin to thin 

Fresh Solid 
(see 

Note 5) 

Hard Very fine (much less 
than 1 mm), micro-
granular, occasional 

brachiopod fossil 

Matrix too fine 
to tell, some 

inclusions are 
rounded to 

very angular 

General
ly very 
well 
sorted 

Traces of black 
specks 

(horneblende), 
pyrite, possibly 

aragonite or 
calcite 

Limestone, 
some shell 

fossils 

112.5 - 113.81 
** 

Light gray, 
N7 

Massive None Planar, thick 15.75 in. Upper – 
broken, 

rounded; 
lower – 
w/ striae 
distinct 

Planar Stylolite at ~60° angle at top; 
stria upper 5 inches and lower 

¾ of an inch 

Slight at both ends Solid Hard Micro-granular, some 
brachiopod fossils 

Rounded, ~0.2 
mm or less 

Well 
sorted 

Disseminated 
calcite w/ 
limestone 

matrix 

Limestone 

113.81 - 114.81 Light gray, 
N7 

Massive None Planar, 
Medium-thick 

12 in. Distinct Planar Wavy striae starting at 7” 
below top and going to bottom, 
generally lines  but up to 2 mm, 

darker gray 

None, slight at top and bottom Solid Hard Micro-granular, some 
brachiopod fossil 

Rounded Well 
sorted 

Disseminated 
calcite? 

Limestone 

114.81 - 117.81 
** 

Med light 
gray, N6 in 
top 15.5”; 
light gray 
15.5 to 
26.75”; 

med gray 
26.75-36” 

Massive None Planar, thick; 
wavy lines 

36 in. Distinct Planar 
and 

wavy 

Wavy striae nearly vertical at 
top; horizontal near 27 inches 

from top 

Top and bottom evidence Solid Hard Micro-granular Rounded Well 
sorted 

Disseminated 
white calcite? 
One thin black 
metallic line at 
~15.75 in. from 

top 

Limestone 
(breaks 
through 

grains at top, 
around 

grains at 
bottom 9 
inches) 

117.81 - 118.81 
** 

Light gray Massive None One, planar, 
medium 

10.75 in. Distinct ______ Irregular break Slight at top and bottom Solid Hard Micro-granular, 
occasional  

brachiopod shell 
imprint 

Rounded Well 
sorted 

Approx. ½ inch 
wide, band at 

bottom contains 
dull black 

specks, 3mm 
wide, pale 

green horizontal 
band @ 7.5 “ 

from top 

Limestone 

118.81 - 119.10 Light gray, 
N7 

Massive None Planar, thin 3.25 in. Distinct A few 
wavy 
lines 

Planar Slight Solid Hard Micro-granular Rounded Well 
sorted 

None Limestone 

119.10 - 120.31 
** 

Light gray, 
N6 

Massive None Planar, thick 14.5 in. Distinct Wavy 
lines 

near top 
and 

bottom, 
clay 
filled 

 

Planar, wavy, clay filled Slight at top and bottom Solid Hard Micro-granular Rounded Well 
sorted 

Disseminated 
white calcite?  

Crystals; green 
specks & 
streaks 

Limestone 

120.31 - 120.62 Light gray, 
N7 

Massive None Planar, thin 3.75 in. Distinct Wavy, 
horizont

al to 
nearly 
vertical 

Top and bottom At top and bottom Solid Hard Micro-granular Rounded Well 
sorted 

Minor calcite? Limestone 

120.62 - 121.10 Light gray Massive None Planar, thin 2 – 3 in. Distinct Wavy 
planar 

Wavy At top and bottom Solid Moderate 
to hard 

Micro-granular Rounded to 
sub-rounded 

Well 
sorted 

Calcite ? as 
rounded ½ 

nodules 

Limestone 
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Table J-2 - Rock Classification Data for Boring BR-H 

Sauget Area 1 Sites 
Sauget and Cahokia, Illinois 

 
Sample Depth 

(ft/bgs) 
Color Rock Quality Porosity Beds Thickness Contact Foliation Joints Weathering Surface Hardness Texture Grain Shape Sorting Mineral 

Components 
Rock 

Classification 
121.10 - 121.93 

** 
Light gray Massive None Planar, medium 10 in. Distinct Horizonta

l, wavy 
Planar At top and bottom Solid Moderate 

to hard 
Micro-granular Rounded Well 

sorted 
Calcite as 
rounded ½ 

nodules 

Limestone 

122.5 - 123.13 
** 

Light gray, 
N7 

Excellent, 
massive 

None Planar, medium 10 in. Distinct Planar Vertical to inclined lines, filled 
with clay 

Top and bottom are slightly 
pitted and clayey 

Solid Hard Very fine to micro-
granular, flaky on 
broken surfaces, 
some brachiopod 
fossil impressions 

Rounded Well 
sorted 

None observed Limestone 

123.13 - 124.42 Light gray, 
N7 

Excellent, 
massive 

None Planar, thick 15.5 in. Distinct Planar Fine, wavy, clay filled 
horizontal to inclined lines; 

stylolites occasionally 

Slight to fresh; top and bottom 
exhibit pitted clayey surface 

Solid Moderate 
to hard 

Micro-granular, 
<<1mm 

Rounded to 
sub-rounded 

Well 
sorted 

None additional 
observed 

Limestone 

124.42 - 125.05 Light gray, 
N7 

Excellent, 
massive 

None Planar, medium 10 in. Distinct Planar Wavy, filled fracture at top Exhibited at top and bottom; 
pitted clay-filled fracture 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded Well 
sorted 

A few white 
calcite? 

Limestone 

125.05 - 127.51 
** 

Light gray, 
N7 

Excellent, 
massive 

None in 
rock; 

possibly 
in thin 

fractures 

Planar, thick 29.5 in. Distinct Planar Wavy lines in middle section 
and at lower end; possibly 

clay filled fractures, generally 
a much darker gray on 
fracture surface (N3) 

Only in fractures, top and 
bottom 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded Well 
sorted 

Pyrite on one 
fracture line 

Limestone 

127.51 - 128.99 Light gray Excellent, 
massive 

None, 
except 

in 
fractures 

Planar, thick 17.75 in. Distinct Planar Wavy fracture lines, clay filled 
pyrite in fracture @ 3inches 

from bottom; black and pitted 
in middle fracture. 

None within; along larger 
fractures – slight 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded to 
sub-rounded; 
some crystals 

angular 

Well 
sorted 

Calcite, pyrite in 
one fracture 

Limestone 

128.99 - 129.91 
** 

Light gray, 
N7 

Excellent, 
massive 

None Planar, medium 11 in. Distinct Planar Wavy filled fractures and 
sutures; dark gray clay filled 

Along fracture lines Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded 
to sub-angular 

Well 
sorted 

Calcite Limestone 

129.91 - 130.64 Light gray Excellent, 
massive 

None Planar, 
medium, one 

thin bed at 
bottom 

8.75 in. Distinct Planar Clay-filled, wavy planar 
fracture lines 

Exhibited in fractures Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded to 
sub-rounded 

Well 
sorted 

- Limestone 

130.64 - 131.04 Light gray, 
N7 

Massive None Planar, medium 
5/8 in. thick 

4.75 in., 
clay/shale 

layer at 
bottom 

Distinct Planar Wavy fine fracture lines Exhibited in clay-filled fracture Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded Well 
sorted 

Calcite Limestone 

131.04 - 131.87 
** 

Light gray Excellent, 
massive 

None Planar, medium 10 in. Distinct Planar None Exhibited at top in clay-filled 
fractures 

Solid Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

- Limestone 

 
 
Notes:   

1) Rock classification worksheets for BR-H are in pp. 145A-31 to 145A-49 in Soil, Ground Water, Surface Water, Sediment, and Air Sampling Field Sampling Report, Sauget Area 1 – Volume 2 of 9, O’Brien & Gere Engineers, September 
2000. 

2) ** = A portion of this core was submitted to American Petrographic Services, Inc. for visual documentation of relative porosity and for thin section evaluation under a petrographic microscope. 
3) A rock classification worksheet was not found for the following interval:  121.93-122.5 ft bgs. 
4) For the sample interval from 111-112.5 ft bgs, the description under Foliation had the following additional information:  “Some white specks to pieces up to ½ inch long, rounded to blocky, may be calcite as they effervesce in HCl.” 
5) For the sample interval from 111-112.5 ft bgs, the description under Surface had the following additional information:  “Solution at ___________ in clay at 112.5 ft below existing grade.” 
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Table J-3 - Rock Classification Data for Boring BR-I 

Sauget Area 1 Sites 
Sauget and Cahokia, Illinois 

 
Sample Depth 

(ft/bgs) 
Color Rock Quality Porosity Beds Thickness Contact Foliation Joints Weathering Surface Hardness Texture Grain Shape Sorting Mineral 

Components 
Rock 

Classification 
111 - 113 

(five pieces) 
Very light 
gray, then 
light gray 

Poor Some Planar, thin 1.5 to 
3.75 in. 

Distinct Planar Wavy fine lines nearly 
horizontal 

Exhibited along fracture line Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded to 
sub-rounded 

Well 
sorted 

White specks Limestone 

116 - 118 
(ten pieces) 

Light gray Poor None Planar, very 
thin to medium 

0.125 to 4 
in. 

Distinct Planar Horizontal None observable Solid Moderate 
to hard 

Very fine to micro-
granular 

- Well 
sorted 

White specks 
throughout 

- 

118 - 120.5 The rock classification worksheet indicates that sand was present in this interval. 
 

120.5 - 126.5 The rock classification worksheet indicates that no rock coring was conducted from 120.5 to 126.5 ft.  This interval was drilled out using mud rotary drilling, and the 4-inch diameter PVC casing was reset. 
 

126.5 - 127.02 
(five pieces) 

Light olive 
gray 

Excellent, 
massive 

None Planar, very 
thin to thin 

0.25 to 2 
in. 

Distinct Planar Wavy, nearly horizontal Slight at top and bottom of 
piece 2, bottom of pieces 4 & 

5 dark gray & pitted 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded to 
sub-rounded 

Well 
sorted 

Some white 
specks and 

nodules 

Limestone 

127.02 - 127.54 Light gray Excellent None Planar, medium  6.25 in. Distinct Planar Wavy, horizontal, clay filled Slight, pitted surfaces at top 
and bottom 

Solid Moderate 
to hard 

Very fine to micro-
granular, flaky 

breakage 

Sub-rounded 
to sub-angular 

Well 
sorted 

Disseminated 
white specks, 

calcite 

Limestone 

127.54 - 128.54 
** 

Light gray Excellent None Planar, thick 12 in. Distinct Planar Horizontal, wavy fine lines and 
suture lines ~2 inches from 

bottom 

Slight, pitted surfaces at top 
and bottom of piece 

Solid Hard Very fine to micro-
granular 

Sub-rounded 
to angular 

Well 
sorted 

Calcite, a few 
white specks 

Limestone 

128.54 - 129.35 Light gray Excellent None Planar, medium 9.75 in. Distinct Planar Very fine lines, horizontal to 
sub-horizontal 

Pitted surface at top, dull 
clayey at bottom 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded 
to sub-angular 

Well 
sorted 

Disseminated 
white specks 

Limestone 

129.35 - 132.04 
** 

Light gray Excellent None Planar, very 
thick 

32.25 in. Distinct Planar Planar, suture-like, horizontal, 
three 

Slight at top and bottom Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded 
to sub-angular 

Well 
sorted 

Disseminated 
white specks 

Limestone 

132.04 - 132.35 
(two pieces) 

Light gray Excellent None Planar, very 
thin to thin 

0.75  and 
3 in. 

Distinct Planar One in center of piece 11, 
wavy, filled 

Pitted surface on bottom of 
piece 11 

Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded 
to angular 

Well 
sorted 

Clay, calcite Limestone 

132.35 - 132.77 Light gray Excellent None Planar, medium 5 in. Distinct Planar Wavy fine lines, medium gray, 
N5, bands at top and bottom 

N5, fine pitting in bottom of 
piece 

Solid Moderate 
to hard, 

dark gray 
bands 
slightly 

more soft 
than 

middle 

Very fine to micro-
granular 

Rounded (dark 
bands), sub-
rounded to 
sub-angular 

Well 
sorted 

Calcite Limestone 

132.77 - 133.87 Light gray Excellent None Planar, thick 13 in. Distinct Planar As wavy fine filled lines Slight at top and bottom Solid Moderate 
to hard 

Very fine to micro-
granular 

Sub-rounded 
to sub-angular 

Well 
sorted 

White specks Limestone 

132.87 - 132.97 Light gray Excellent None Planar, thin 1.25 in. Distinct Planar Wavy, filled fine horizontal 
lines 

Slight at top and bottom ends Solid Moderate 
to hard 

Micro-granular - - - Limestone 

132.97 - 133.99 
** 

Light gray Excellent None Planar, thick 12.25 in. Distinct Planar Few horizontal wavy fine lines Slight at top and bottom, 
pitted surfaces 

Solid, 
some 
darker 
gray 

shapes, 
possibly 
fossils 

Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

- Limestone 

133.99 - 134.59 Light gray Excellent Solid Planar, medium 7.25 in. Distinct Planar As fine wavy filled horizontal 
lines 

Slight at pitted surfaces on top 
and bottom 

Solid Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

- Limestone 

134.59 - 135.42 
** 

Light gray Excellent None Planar, medium 10 in. Distinct Planar None observed Slight, pitted top surface Solid Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

CaCO3 Limestone 

136.5 - 137.44 Light gray Excellent None Planar, medium 11.25 in. Distinct Planar None Slight top and bottom Solid Moderate 
to hard 

Micro-granular Sub-rounded 
to sub-angular 

Well 
sorted 

CaCO3 Limestone 
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Table J-3 - Rock Classification Data for Boring BR-I 

Sauget Area 1 Sites 
Sauget and Cahokia, Illinois 

 
Sample Depth 

(ft/bgs) 
Color Rock Quality Porosity Beds Thickness Contact Foliation Joints Weathering Surface Hardness Texture Grain Shape Sorting Mineral 

Components 
Rock 

Classification 
137.44 - 137.61 Light gray Excellent None Planar 2.125 in. Distinct Planar Fine, wavy, horizontal filled 

lines 
Pitted surface at top, smooth 

clayey (shale?) layer at 
bottom 

Solid Moderate 
to hard 

Micro-granular Sub-rounded 
to sub-angular 

Well 
sorted 

CaCO3 Limestone 

137.61 - 138.05 
** 

Light gray Excellent None Planar 5.25 in. Distinct Planar - Slight at top and bottom Solid Moderate 
to hard 

Micro-granular Sub-rounded 
to sub-angular 

Well 
sorted 

CaCO3 Limestone 

138.05 - 139.47 
** 

Light gray Excellent None Planar, thick 17 in. Distinct Planar; 
white 

irregular 
shapes in 

bottom 
7.5 in. 

Horizontal to sub-horizontal 
fine wavy filled lines 

Dull clay surfaces on top and 
bottom surfaces 

Solid top 
9.5 in.; 
small 
pits 

scattere
d in 

bottom 
7.5 in. 

Moderate 
to hard 

Micro-granular - Well 
sorted 

White crystals 
in bottom 7.5 
inches, do not 
effervesce in 

HCl 

Limestone 

139.47 - 141.72 Light gray Excellent None Planar, thick 27 in. Distinct Planar No jointing except at bottom Thick pitted surface at bottom Somewh
at pitted 

in top 
3.5 

inches 

Moderate 
to hard 

Micro-granular - - A bear-trap 
shape in top 5 

inches has 
apparent pyrite 

in it 

Limestone 

141.72 - 142.03 
(three pieces) 

Light gray Excellent None Planar 3.75 in. 
total, 
each 

~1.25 in. 

Distinct Planar Multitude of fine wavy sub-
horizontal lines; slightly larger 

fractures separate pieces 

Along fracture lines 
separating pieces 

Solid Moderate 
to hard 

Micro-granular - - - Limestone 

142.03 - 144.21 
** 

Light gray Excellent None Planar, thick; 
gray irregular 

shaped 
blotches in top 

2/3, white 
blotches in 
bottom 1/3 

26.125 in. Distinct Planar As wavy, fine, sub-horizontal 
fine lines 

Slight at top and bottom ends Solid Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

CaCO3 Limestone 

144.21 - 144.56 Light gray Excellent None Planar, medium 4.25 in. Distinct Planar As fine wavy lines at top As pitted surfaces on top and 
bottom 

Solid Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

- Limestone 

144.56 - 145.27 Light gray Excellent None Planar, medium 8.5 in. Distinct Planar As fine horizontal to sub-
horizontal lines 

Slight as pitted clay surfaces 
at top and bottom 

Solid Moderate 
to hard 

Micro-granular - - - Limestone 

145.27 - 145.70 
** 

Light gray Excellent None Planar, medium 5.125 in. Distinct Planar Clay filled at top, black stained 
and pitted on bottom 

Pitted black bottom Solid; 
pitted 
filled 

fracture 
in 

middle 

Moderate 
to hard 

Micro-granular Rounded Well 
sorted 

Trace pyrite Limestone 

145.70 - 146.91 
** 

Light gray Excellent None Planar, thick 14.5 in. Distinct Planar One sub-horizontal, stylolite in 
middle 

Pitted surface on top of core Solid Moderate 
to hard 

Very fine to micro-
granular 

Rounded Well 
sorted 

Some faint 
white blotches 

Limestone 

 
 
Notes:   

1) Rock classification worksheets for BR-I are in pp. 145A-50 to 145A-75 in Soil, Ground Water, Surface Water, Sediment, and Air Sampling Field Sampling Report, Sauget Area 1 – Volume 2 of 9, O’Brien & Gere Engineers, September 
2000. 

2) ** = A portion of this core was submitted to American Petrographic Services, Inc. for visual documentation of relative porosity and for thin section evaluation under a petrographic microscope. 
3) Rock classification worksheets were not found for the following intervals:  113-116 ft bgs and 135.42-136.5 ft bgs. 

 



GSI Job No. G-2876 
Issued: 8/28/06 
Page 1 of 1 

 
 

Table J-4 
Results of Thin Section Analysis of Bedrock Core Samples 

Sauget Area 1 Sites, Sauget and Cahokia, Illinois 
 
 
 

 
Notes:   
1) Thin section analyses conducted by American Petrographic Services and documented in pp. 147A-1 to 147A-21 in Field 

Sampling Report, Sauget Area 1 – Volume 2 of 9, O’Brien & Gere Engineers, September 2000. 
2) A stylolite is defined as a “surface or contact, usually in carbonate rocks, that is marked by an irregular, interlocking 

penetration of the two sides:  columns, pits, and teeth-like projections on one side fit into their counterparts on the other.”  
(Dictionary of Geological Terms, Third Edition, 1984). 

Sample Depth 
(ft bgs) 

Lithology Relative 
Porosity 

Comments 

Well BR-G 
112.20 – 112.46 Dolomitic limestone, biosparite Moderate Dolomitized throughout 
114.74 – 115.07 Limestone, pel-biosparite Low Well cemented 
116.11 – 116.53 Limestone, oo-pel-biosparite Low Well cemented 
118.36 – 118.51 Limestone, oo-pel-biosparite High Many stylolites 
120.56 – 120.89 Limestone, pel-biosparite Low Few scattered interfragment pores 
122.41 – 122.71 Limestone, biomicrite Mod-Low Dense, 2 thin stylolites 
124.17 – 124.46 Limestone, oo-pel-biosparite Low Dense 
126.79 – 127.13 Limestone, oo-pel-biosparite Low Dense 
128.42 – 128.73 Limestone, oo-pel-biosparite High Concentrations of sub-parallel stylolites 
130.80 – 131.10 Dolomitic limestone, biosparite Moderate Dolomitized zones throughout 
Well BR-H 
111.83 – 112.19 Limestone, biosparite Moderate Some sutured stylolites 
113.46 – 113.81 Limestone, biosparite Moderate Some crude stylolites 
115.76 – 116.03 Dolomitic limestone High Dolomitized throughout 
118.04 – 118.46 Calcitic dolostone, biosparite High Dolomitized throughout 
119.87 – 120.29 Limestone, oo-pel-biosparite Low Dense sparite cement 
121.43 – 121.63 Limestone, biosparite Moderate Some stylolite swarms 
122.50 – 122.79 Limestone, biosparite Mod-Low One stylolite swarm 
125.30 – 125.59 Limestone, oo-pel-biosparite Mod-Low A few pores in drusy sparry cavities 
128.99 – 129.39 Limestone, pel-biosparite Moderate Some crude stylolites 
131.04 – 131.43 Limestone, biomicrite Low Dense micrite matrix 
Well BR-I 
127.54 – 127.92 Limestone, pel-biosparite Low Dense sparite cement 
129.85 – 130.27 Pel-biosparite Low Dense, drusy sparite cement, syntaxial 

cement growth surrounds fossil 
fragments 

131.27 – 131.55 Limestone, pel-biosparite Low Dense sparite cement 
133.08 – 133.41 Limestone, pel-biomicrite Low Dense micrite matrix 
134.59 – 135.01 Limestone, oo-pel-biosparite Low Dense sparite cement 
137.61 – 137.84 Limestone, pel-biosparite Low Very dense and fine sparite cement 
138.93 – 139.31 Dolostone, micro sparite High Large cavities throughout 
142.57 – 142.87 Dolomitic limestone, biomicrite High Many large pores in dolomitized areas 
145.27 – 145.46 Limestone, pel-micrite Low No visible porosity 

146.63 – 146.88 Limestone, biomicrite Low Dense micrite matrix 
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BEDROCK TRANSPORT EVALUATION 
 

Sauget Area 1, Sauget and Cahokia, Illinois 
 
 
 
 
FIGURE            
 
 
Figure J-1 Detailed Cross Section at BR-I 
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Notes:  1) During drilling of BR-I, a 4-inch diameter PVC casing was installed and grouted in place, and wireline cores were 
                 collected from 111-113 ft and 116-120.5 ft bgs.  Sand was observed in the wireline core collected from 118-120.5 ft bgs.
                 The 4-inch diameter PVC casing was then removed and re-set to a depth of approximately 124.75 ft bgs.

             2) Acoustic features were identified in an acoustic televiewer survey conducted by Colog in October 2005.

             3) RQD =  Rock Quality Designation
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Attachment J-2 Rock Classification Worksheets 
Attachment J-3 Thin Section Analysis Reports 
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ATTACHMENT J-1 – DESCRIPTION OF FIELD PROCEDURES     
 
 
Description of Field Procedures 

(Source:  pages 125 to 138 from Volume 2 of Field Sampling Report, 
O’Brien & Gere, September 2000) 
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ATTACHMENT J-2 – ROCK CLASSIFICATION WORKSHEETS     
 
 
Rock Classification Worksheets 
 (Source:  pages 145A-1 to 145A-75 from Volume 2 of Field Sampling 

Report, O’Brien & Gere, September 2000) 
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ATTACHMENT J-3 – THIN SECTION ANALYSIS REPORTS     
 
 
Reports of Thin Section Analysis from American Petrographic Services, Inc. 
 (Source:  pages 147A-1 to 147A-21 from Volume 2 of Field Sampling 

Report, O’Brien & Gere, September 2000) 
 
 














































